and the proximity of tumor to internal organs and neurovascular structures. 6 However, due to the rarity of pelvic CS, few previous studies have focused on determining the prognosis of affected patients. 7 Prognostic factors associated with survival are multivariate, and so no single factor can accurately predict outcomes of pelvic CS. Therefore, we sought to develop a prognostic model that was based on large samples, which can incorporate all prognostic factors to individually predict survival of patients with pelvic CS. Nomograms, statistic-based tools integrating all independent prognostic factors, have been widely applied to predict survival outcomes with precision for individual patients with cancer, including osteosarcoma, lung cancer, rectal cancer, and gastric cancer. [8] [9] [10] [11] However, to our knowledge, the application of prognostic nomograms for pelvic CS has not been reported. The Surveillance, Epidemiology, and End Results (SEER) database released a large amount of clinical information about patients with pelvic CS that allowed prognostic analysis for pelvic CS. In this study, we used those data to identify independent prognostic factors affecting the overall survival (OS) and cancer-specific survival (CSS) of patients with pelvic CS and to construct nomograms for visually predicting rates of 3-and 5-year OS and CSS among patients with this disease.
| PATIENTS AND METHODS

| Ethics statement
This study was deemed exempt by the Ethics Committee of West China Hospital, Sichuan University (Chengdu, China), as it is based on the data extracted from the publicly available SEER database.
| Data source and selection
We used SEER*Stat software version 8.3.5 (https ://seer.cancer.gov/seers tat/) to obtain SEER data of about patients with pelvic CS who were diagnosed and treated between 2004 and 2016. This database annually updates the clinical cancer information from 18 regional cancer registries covering ~28% of the US population, including patients' demographic characteristics, tumor characteristics, therapy details, and follow-up records. 12 As shown in Figure 1 , we selected specific cases if sufficient data were available from the database. The inclusion criteria were as follows: (a) diagnosed as 4. 
| Study variables
Information about clinicopathological features included age at diagnosis, sex, race, histologic subtype, pathologic grade, tumor size (CS tumor size, 2004+), tumor stage (SEER historical stage A), treatment, vital status, and months of survival. The age at diagnosis was categorized as younger than 40, 40-59, and 60 years and older. 13 Race was categorized as White and others (Black, American Indian/Alaskan Native, Asian/Pacific Islander). The screened eligible cases were composed of three histologic subtypes based on the variable "ICD-O-3 Hist/behave:" conventional, myxoid, and dedifferentiated CS. Pathologic grade was classified according to four categories based on the variable "ICD-O-3 Grade:" Grades I, II, III, and IV. Tumor size was classified on the basis of the largest tumor diameter (<8, 8-13, and >13 cm) according to the variable "CS tumor size (2004+)." 13, 14 Tumor stage was categorized as localized, regional, and distant according to the variable "SEER historical stage A." As described in the 2018 version of the Summary Stage Manual provided by SEER (https ://seer.cancer.gov/tools/ ssm/), localized tumors were defined as tumor confined to the pelvis or involvement of one to two pelvic segments without extraosseous extension. Regional tumors were defined as involvement of one to two pelvic segments with extraosseous extensions and without distant metastasis.
| Statistical analysis
SPSS 24.0 (IBM Corp.) was used to evaluate the prognostic effect of each patient variable. We used the Kaplan-Meier method to construct cumulative survival curves and the log-rank test to compare them. OS and CSS were chosen as the two primary survival outcomes in this study. OS was defined as the period from diagnosis to death from any causes. CSS was defined as the period from diagnosis to death attributed to pelvic CS. Cox proportional hazard models were used to identify significant prognostic factors and reported as hazard ratios with corresponding 95% confidence intervals. Variables with P values lower than .05 in univariate Cox proportional hazard models were further evaluated in the multivariate Cox proportional hazard model. On the basis of the results of the multivariate Cox proportional hazard model, we constructed nomograms for 3-and 5-year OS and CSS by using the rms package in R software, version 3.5.1 (http://www.r-proje ct.org/). Surgery, chemotherapy, and radiotherapy were not included in the nomogram, as it would then be able to quantify prognosis for patients initially presenting to clinic, preoperatively after local and systemic evaluation. Concordance index (C-index) ranging from 0.5 (a very poor model) to 1.0 (a perfect model) was used to assess the performance of nomograms. In general, nomograms with a C-index greater than 0.7 show a good predictive ability. 15 In addition, on the basis of bootstrap 1000 resampling validation, calibration curves were performed to compare the consistency between nomogram-predicted and actual survival. A two-sided P<.05 was defined as significant.
| RESULTS
| Patient characteristics
A total of 5243 patients with diagnoses of CS were registered in the SEER database from 1973 to 2016, of whom 935 (17.8%) had primary tumors in the pelvis. According to the aforementioned inclusion and exclusion criteria, 262 patients in 13 states in the United States, were eligible for and were eventually enrolled in this study ( Figure 1 ). Among these 262 patients, the median age was 52 years (range, 9-88 years). As shown in Table 1 , 161 (61.5%) were male and 101 (38.5%) were female. Of the whole population, the majority of patients was White (n = 225 [85.9%]), and 218 (83.2%) had conventional CS. Of the pathologic grades of disease, Grade II was the most common (n = 117 [44.6%]), followed by Grade I (n = 78 [29.8%]), Grade III (n = 49 [18.7%]), and Grade IV (n = 18 [6.9%] ). In 90 patients (34.4%), the tumor size was less than 8 cm; in 98 (37.4%), the tumor size was between 8 and 13 cm; and in the 74 others (28.2%), the tumor size was more than 8 cm. Localized and regional were the most common tumor stages, accounting for 44.6% and 44.3%, respectively. In addition, surgery was performed in most patients (n = 220 [84.0%]), and chemotherapy and radiotherapy were performed in small numbers of patients (n = 33 [12. 6%] and n = 18 [6.9%], respectively).
| Factors associated with OS
As shown in Table 2 , univariate and multivariate analyses were conducted for OS. According to the univariate analysis, OS was significantly associated with age (P < .001), sex (P = .012), histologic subtype (P = .002), pathologic grade (P < .001), tumor size (P = .001), tumor stage (P < .001), surgery (P < .001), and chemotherapy (P < .001), whereas no significant differences were observed in OS with regard to race (P = .155) or radiotherapy (P = .187). Significant factors identified by univariate analysis were further explored in multivariate analysis, which showed that sex (P = .036), pathologic grade (P = .008), tumor size (P = .011), tumor stage (P = .003), and surgery (P = .001) were the independent risk factors.
| Factors associated with CSS
As shown in Table 3 , univariate analysis indicated that age (P = .003), sex (P = .042), histologic subtype (P = .007), pathologic grade (P < .001), tumor size (P = .001), tumor stage (P < .001), surgery (P < .001), and chemotherapy (P < .001) were significantly associated with CSS, whereas race (P = .202) and radiotherapy (P = .776) were not significantly correlated with CSS. The multivariate analysis identified pathologic grade (P = .005), tumor size (P = .016), tumor stage (P = .001), and surgery (P = .002) as the independent risk factors in CSS.
| Kaplan-Meier curve analyses
According to the Kaplan-Meier curves and log-rank analyses of OS and CSS (Figures 2 and 3 ), younger patients and female patients had a better prognosis. Moreover, tumors of lower pathologic grade, smaller size, and localized stage were associated with a better outcome. Patients in whom the histologic subtype of CS was dedifferentiated had worse rates of survival than did those with the other two histologic subtypes. In addition, patients who underwent surgery had better survival rates than those who did not have surgical treatment. Conversely, survival rates were worse among patients who underwent chemotherapy. No significant differences were observed in survival with regard to race and radiotherapy.
| Predictive nomogram
The significantly independent risk factors identified by multivariate analyses, except surgery were integrated to construct the prognostic nomograms for predicting 3-and 5-year OS and CSS of patients with pelvic CS (Figure 4 ). The point scale at the top of each nomograms was used first to give every prognostic variable a score; then the scale at the bottom of each nomogram was used (adding up the scores of all variables) to predict the 3-and 5-year survival rates. The nomogram discrimination for OS prediction revealed that tumor stage contributed most to prognosis, followed by pathologic grade of the tumor, tumor size, and sex. With regard to CSS, nomograms showed that tumor stage was also the most important factor affecting outcome, followed by pathologic grade and tumor size. In addition, internal validation for nomograms was performed by C-index and calibration. C-index values of nomogram predictions of OS and CSS were 0.758 and 0.786, respectively, which suggest that these models made accurate predictions. Through the calibration curves ( Figure 5 ), nomogram prediction proved to have excellent agreement with actual survival. 
T A B L E 1
Patient characteristics and 3-and 5-year OS and CSS rates
| DISCUSSION
A variety of prognostic factors influences the survival outcome of patients with cancer, and the ability of a single prognostic factor to predict individual survival probability is limited. In addition, relying merely on traditional staging systems is not enough to accurately assess cancer prognosis. 16 Because of the ability to visually show data, accuracy, and individualization, nomograms have been commonly used to predict the survival of patients with cancer. 17 262 cases in the SEER database, which covers 28% of the US population. As a result, nomograms for 3-and 5-year OS and CSS were developed and their prediction performance was validated, which could promote the popularization of personalized treatment and survival evaluation.
Of the eligible patients, the majority was older than 40 years, and prognosis for survival worsened with the age, according to the Kaplan-Meier curves and log-rank analyses. Interestingly, this difference was found not to be independent in the multivariate analysis, which was a finding similar to those in previous studies. [18] [19] [20] At present, the role of sex in CS is still controversial. Some previous studies showed that sex was an independent risk factor, while another several studies revealed that sex was not a prognostic factor. [21] [22] [23] [24] In this study, the ratio of male to female patients was ~1.6:1, which was consistent with such ratios in previous studies. 23, 25 Being female was associated with a better prognosis; thus sex was an independent prognostic factor with obvious effects on OS of patients with pelvic CS. Overall, the findings of this study provided further evidence in terms of the relationship between demographic characteristics and prognosis. In general, pathological grade plays an important role in the prognosis of patients with cancer. Studies showed that patients with Grade I pelvic CS had better rates of survival; the 5-year survival rate reached 90% among patients with the lowest degree of malignancy and the lowest possibility of distant metastasis. Grades II and III pelvic CS tend to metastasize in the early stages, and the 5-year survival rate was about 40% to 50% in patients with these grades of tumors. Patients with grade IV pelvic CS had the worst prognosis, with a 5-year survival rate of 10%-20%. 26, 27 In our research, we found similar 5-year survival rates for each pathological grade, which confirmed the great contribution of pathological grade to prognosis of CS in the pelvis, which was consistent with that of CS in other sites. Furthermore, the higher the pathological grade of the tumor is, the more likely it is to recur, which increases the risk of death. 28 Higher pathological grade is correlated with the development of distant metastasis, which also worsens the prognosis for survival, and tumor stage was identified as another important independent risk factor. Such a trend further demonstrates the importance of early diagnosis, inasmuch as detection of CS originating in the pelvis is prone to delay because the early symptoms are vague. 29 Although considerable progress has been made in the treatment of sarcomas, the prognosis of patients with primary pelvic sarcomas is still poorer than that of sarcomas at other sites. Accordingly, there is much controversy about optimal surgical treatment, systemic chemotherapy, and radiotherapy. In congruence with previous studies, we found that surgery confers a significant advantage in OS and CSS of patients with pelvic CS. 30, 31 Of the types of surgery involved, wide surgical resection was a significant prognostic factor for the long-term survival and local recurrence of decrease, and individual reconstruction was a key to maintaining good function. 6 However, with regard to nonoperative treatment, both chemotherapy and radiotherapy have limited effects on improving the prognosis of patients with pelvic CS. A possible explanation for this is that CS is composed of abundant extracellular matrix with poor vascularity, which could result in its primary resistance to chemotherapy and radiotherapy. 32 In addition, the expression of P-glycoprotein in CS is one of the important mechanisms of resistance to chemotherapy. Resistance to radiotherapy may be attributed to loss of tumor suppressor p16 in CS and to an increase in the expression of antiapoptotic proteins Bcl-2, Bcl-xL, and X-linked inhibitor of apoptosis protein. 33 There were some limitations of this study that should be noted. First, the nomograms were developed on the basis of retrospective data. Although the SEER database represents 28% of the US population, it is inevitable that certain patient information was insufficient, and so larger prospective studies could further validate the reliability of the nomograms. Second, because some clinicopathological parameters such as surgical margin status and local recurrence were unavailable in the SEER database, such variables were not included in this study. Besides, there was no discrimination between the type of surgery performed, as well as specific chemotherapy regimen and detailed information regarding patients with syndromic conditions could not be provided. Third, pathological grade in SEER database was classified into four categories, while CS was graded from I to III according to WHO classification, which may be somewhat inaccurate. Dedifferentiated and myxoid CS were not found to be risk factors as well, which may be due to the limited numbers in this series, while they were known to be associated with a poorer prognosis. Finally, although C-index is a good tool for validating nomograms, the nomograms could be more reliable if external validations were performed with another independent large-scale dataset. 
| CONCLUSION
With data from a large population-based cohort, we developed and validated nomograms to provide individualized estimates of rates of 3-and 5-year OS and CSS in patients with pelvic CS for the first time. The nomograms showed good performance in accuracy and applicability. Therefore, we strongly recommend applying these nomograms in personalized prognostic evaluation of patients with pelvic CS.
